Members of the genus Acanthamoeba are ubiquitous in natural environments and make up the majority of free-living amoebae found commonly in soil and fresh water). They have been isolated from a diverse range of habitats including dust particles in the air, on human nasal swabbing), and in marine environments at a depth of more than 2,500 metres-, In 1974, the Lancet reported two cases of Acanthamoeba infections of the eye. These were the first confirmed cases and despite. aggressive therapy resulted in blindness ofthe individuals involved', In the USA, Acanthamoeba remained an extremely rare infection until the mid 1980s when there was a sudden increase in the number of reported cases particularly among wearers of soft contact lenses and a possible association between this infection and contact lens wear was noted", By 1991 approximately 400 cases had been diagnosed, 85% of which were contact lens wearers>, This increase in Acanthamoeba keratitis was paralleled by an increase in bacterial keratitis. A case control study carried out at London's Moorfield Eye Hospital in 1989 showed 65% of new microbial keratitis cases at the centre were associated with contact lens wear whereas a decade earlier no such cases had been reporteds. Acanthamoeba have a relatively simple life cycle, alternating Neil A. Tumer, BSc, is a second year postgraduate research student at the Welsh School of Pharmacy, Cardiff University, studying the resistance of Acanthamoeba to antimicrobial agents, with particular interest in the differentiation process.
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In 1974, the Lancet reported two cases of Acanthamoeba infections of the eye. These were the first confirmed cases and despite. aggressive therapy resulted in blindness ofthe individuals involved', In the USA, Acanthamoeba remained an extremely rare infection until the mid 1980s when there was a sudden increase in the number of reported cases particularly among wearers of soft contact lenses and a possible association between this infection and contact lens wear was noted", By 1991 approximately 400 cases had been diagnosed, 85% of which were contact lens wearers>, This increase in Acanthamoeba keratitis was paralleled by an increase in bacterial keratitis. A case control study carried out at London's Moorfield Eye Hospital in 1989 showed 65% of new microbial keratitis cases at the centre were associated with contact lens wear whereas a decade earlier no such cases had been reporteds. Acanthamoeba have a relatively simple life cycle, alternating between a trophozoite phase, which is capable of feeding and division, and a dormant stage represented by a thick-walled cyst. The cyst forms a means of survival during periods of unfavourable conditions? Factors thought to induce encystation include pH changes during culture, product accumulation, lack of oxygen, overcrowding of cells in culture, nutrient excess, high osmolarity, desiccation and starvation'', After encystment is induced, the trophozoites becomes spherical in shape and there is a build-up of wall material uniformly around the outside of the plasma membrane which increases with the age of the cyst.
Cysts of Acanthamoeba have a double wall. The inner wall (endocyst wall) is mainly composed of cellulose, and the outer wall (ectocyst wall) of proteoglygcan. There are several circular openings termed ostioles, ca 1 urn in diameter, that span both cyst walls and the trophozoite emerges through these during excystment. Prior to excystment each of the ostioles is covered by an operculumI.
Pathogenic strains have been associated with cases of primary amoebic meningoencephalitis, and granulomatous amoebic encephalitis? Acanthamoeba spp. can also harbour intracellular bacteria e.g. Legionella pneumophila, in a symbiotic relationship?
The possible transfer of Acanthamoeba to the eye via contact lenses has led to investigations of adherence of the organism to the lens surface. Many reports agree that trophozoites adhere to contact lenses more readily than cysts and to high-water rather than lowwater content lenses", Ionicity of the lenses and surface tension may playa role in retention of the organism on a hydrogel surfacev'v. It has reported that trophozoites bind more to worn rather than new contact lenses but the possible roles of bacteria in increasing adherence of Acanthamoeba to the contact lenses are inconclusivev'P.
Symptoms ofAcanthamoeba keratitis are varied and often seem to occur in a recognisable sequence. Such symptoms include pain, photophobia and recurrent epithelial breakdown with little infiltrate, dendritiform patterns and localised oederna'-!'.
Laboratory investigations are used to confirm diagnosis. Samples of corneal epithelium and any infiltrated stroma are usually cultured on non-nutrient agar plates seeded with Escherichia coli or in shallow suspensions of E. coli. Samples from contact lens and storage cases may also be cultured. Microscopic examination can then be used to identify the organism. However, it should be noted that positive cultures from corneal tissue are often reported to be quite poor', Acanthamoeba has often been cultured from the cases of asymptomatic contact lens wearers". Various stains have been used in order to improve identification. Stains for cyst walls include the flourescent dye calcofluor white and lactophenol blue. Cysts and trophozoites can be stained with a fluorescein-conjugated lectin (concanavalin A)4. Acanthamoeba in either epithelial or corneal tissues samples can be demonstrated using immunostaining with either an indirect fluorescent antibody or an immunoperoxidase technique', Studies of clinical material using polymerase chain reaction (PCR) for identifying Acanthamoeba are reported as promising'.
Susceptibility of Acanthamoeba to antimicrobial agents
The early approach to treatment of Acanthamoeba keratitis was to use a wide variety of topical agents often in combinations. Although amoebicidal, many of these agents were not cysticidal at the concentrations achievable in the cornea or at those concentrations potentially tolerated by the ocular surface>; penetrating keratoplasty was usually required to eradicate the infection. The first reported drug cure in 1985 was achieved using topically applied solutions of the aromatic diamidines, propamidine isethionate (0.1%), and dibrompropamidine isethionate (0.15%) in combination'. These agents are generally well tolerated by ocular tissues when applied" topically 12. Other subsequent successful treatment regimes usually included propamidine in combination with other antimicrobial agents such as the aminoglycosides (paromomycin and neomycin) and imidazoles (miconazole, clotrimazole, itraconazole and ketoconazole), some of which are taken orallyts, Aminoglycosides, e.g. paromomycin and neomycin are generally mainly non-cysticidal in vitro and their activity is variable among strains 12. When tested in vitro, neomycin has an additive effect in combination with diamidines. It is thought to disrupt cell membranes and because of frequent toxic hypersenitivity reactions in the patient its use has to be of limited duration12. Imidazoles are also thought to disrupt cell membranes and also often produce side-effects in the patient. It has been noted that both aminoglycosides and imidazoles only playa supportive role, as there is little evidence of successful medical management using them>.
The cationic disinfectants chlorhexidine and polyhexamethylene biguanide (which inhibit membrane function-') at concentrations of 0.02% have been shown at be both amoebicidal and cysticidal to pathogenic strains in vitro and have been used in treatment. Concentrations used in therapy are often a hundred times greater than the minimum cysticidal values obtained in vitro and even then there is no apparent ocular toxicity'<.
Acanthamoeba spp., antimicrobial agents and contact lenses 3 In vitro studies involving combinations of cationic disinfectants with other antimicrobials have demonstrated an additive effect for chlorhexidine with propamidine, and polyhexamethylene biguanide with neomycin's. Also, slight synergy has been observed with either chlorhexidine or polyhexamethylene biguanide in combination with another aromatic diamidine, pentamidinel-, and thereby improvements to current treatment regimens may be made.
Certain risks factors for
Reducing the bacterial and fungal co-contaminants present with contact lens storage cases should in theory limit the growth factors for Acanthamoeba. However, since Acanthamoeba has also been isolated from contact lens cases in symptomatic and asymptomatic people', and the initial infectious dose is not known15, elimination of the organism during contact lens disinfection procedures is of paramount importance. While many commercial disinfection solutions are effective against trophozoites, results against cysts are often contradictory, as demonstrated below. Silvany 20 , all being effectie from 6 to 24 hours except one of the solutions against A. culbertsoni. Although chlorhexidine gluconate (0.01-0.02%) has been reported as non-toxic to the human eye" absorption by soft contact lens materials may lead to irritation in the eye!'.
Thiomersal (0.001 %) has been reported lethal, alone as an active ingredient's or in combination (0.002%) with alkyl triethanol ammonium chloride (0.013%)16,23 within 4 hours (the manufacturer's recommended contact time) against Acanthamoeba spp. However, in other studies the latter combination solution has been found ineffective within 4 hours-' or even after 24 hours I8 ,19. Thiomersal can induce delayed-type hypersensitivity which is especially problematic in soft contact lens wearers'>, Solutions containing the quaternary ammonium compound, benzalkonium chloride (0.004%) have been reported to kill Acanthamoeba cysts within 1 hour!" to 24 hourss-. However, 0.003% solutions have also been reported as ineffective after 24 hours l 7 ,19 and a 0.004% solution after 168 hours!", Binding of benzalkonium chloride to the surface of hydrophilic soft contact lens (hydrogel) can cause possible hypersensitivity problems in the wearer so that it cannot be used for these lenses".
Hydrogen peroxide 3% solutions have been reported as being active in killing cysts within 2 16 or 4 hours-' for A. castellanii, . A. polyphaga and within 6 hours for both species and A. culbertsoni within 6 hours-'', Ludwig et aU I and Zenetti et al. 22 both tested two 3% solutions and found them all ineffective within the manufacturer's recommended contact time of 30 minutes. Hydrogen peroxide irritates the eyes'> and complete neutralisation is thus required in any system!'... Systems using a catalytic disc for neutralisation have been reported as ineffective against Acanthamoeba and the authors speculate that neutralisation occurred too early for them to be effective 1 6,23. The polymeric preservative solutions (polyaminopropyl biguanide 0.00005%, polyquatemium-l 0.001-0.0011 %) appear to be consistently non-lethal against A. castellanii1 6 ,18,22,23 A. polyphaga l 6 ,18,23 and A. culbertsoni'", Hugo et alP and Connor et al.1 9 also found a 0.0015% polyaminopropyl biguanide solution inactive against A. castellanii and A. culbertsoni respectively within 8 hours. Concentrations of 0.0005% and above have been reported to cause discomfort to the lens wearer and may also cause epithelial toxicity>. The majority of multi-purpose solutions available in the UK use polymeric preservatives at concentrations of 0.00005-0.0011 % and some have been tested above. Multi-purpose solutions are thought to increase user compliance of lens hygiene protocol by combing functions of cleaning, disinfecting and rinsing 25 • The efficacy of these systems has been shown to compare well with hydrogen peroxide systems which use a plantinum disc for neutralisationw-? but they are not cysticidal within the manufacturer's recommended contact time 2 6-28. A possible decline in the number of reported cases of Acanthamoeba keratitis has been observed both in the USA and the UK in recent years and this coincides (in the UK at least) with the increased popularity of multi-purpose sclutions-". It would be difficult to credit such a decline to one specific cause, but a greater awareness among contact wearers of risks of contact lens wear, avoidance of tap water in contact lens hygiene/disinfection systems, introduction of disposable soft contact lenses, more frequent replacement of storage cases and the introduction of multi-purpose systems may have all played a role-", Unlike bacteria and fungi, Acanthamoeba testing methods are not well-defined and variations in results might be due to the methods employed, rather than represent a true reflection of antiAcanthamoeba activity". Variations in inoculum size, species/strain differences and methods for producing cysts for testing may contribute to the variable results obtained. Differences in cyst ultrastructure and types of cellular RNA species resulting from different encystment procedures I may also contribute, as may cyst aggregation. The cell division stage of the trophozoite at the onset of encystation is yet another factor.
Reasons for differences between brands of disinfectants that apparently contain the same biocide concentrations and tested under the same protocol are unclear. In the case of hydrogen peroxide, differences in formulation, additives and pH have been implicated as possible causes'<-' and this may be true for other disinfection solutions as well.
Biofilms are reported to increase the resistance of bacteria within them to antimicrobial agents due to restricted drug permeability or competitive drug sequestration", In a study of individuals with microbial keratitis (including Acanthamoeba keratitis) the presence of bacterial biofilms on the surface of contact lenses and storage cases was noted in 11/20 and 17/20 patients respectively. This was regardless of reportedly good compliance to recommended hygiene procedures'", The effects on resistance of Acanthamoeba living within these biofilms is not known and worthy of future research.
Conclusions
Greater awareness of the conditions and improved diagnostic techniques have shortened the time between onset of symptoms and initial anti-Acanthamoeba therapy; prognosis is now very good. Even so the treatment of Acanthamoeba keratitis, even if diagnosed early, is lengthy requiring periods of 3-4 months or longer, depending on the response of the patient to treatmenr'-P. Therefore; prevention of this potentially sight-threatening disease is paramount and improvement of anti-Acanthamoeba efficiency of contact lens disinfection systems an urgent task. MUlti-purpose and one-step solutions which have no neutralisation stage in the disinfection regime may improve compliance with recommended hygiene procedures but the antimicrobial efficacy of such solutions should not be compromised for ease of use. In the absence of completely effective disinfection systems the importance of strict adherence to recommended contact lens hygiene procedures must continue to be stressed.
